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ABSTRACT 

A variable  frequency  wind  measuring  system,  developed  to  permit  telemetering of wind  speed  information 
over great  distances,  is  described. A cup-rotor  sensor  drives a cylindrical  slotted  shutter,  which  in  rotating  interrupts 
a  light  beam  falling  upon  a  photocell.  The  electrical  signal  from  the  photocell,  after  amplifying  and  shaping,  may 
be used as  a  telemetering  signal or to  control  telemetering  signals. 

1. INTRODUCTION 

The direct indicatring  type of wind speed  measuring 
system in general field use by  the  Weather  Bureau con- 
sists primarily of a cup-rotor sensor which drives  a d.c. 
magneto, with the  output  current of the  d.c.  magneto 
supplying a  signal to milliarrlmeter tSpe  indicators. The 
wide-angle (250') scale rrlilliammeter is calibrated so that 
indication of the wind speed  is  in nautical miles per  hour. 
Where required a suitably  calibrated  milliarnmcter  graphic 
recorder may be used to  obtain a record of the  varia- 
bility of the wind speed.  Becausc of t'he relatively low 
resistance  (428.6 ohms) of the  indicator  network  this  type 
of system  is not  suited  for  operation of the sensor a t  very 
great distances from  the  indicators. A corlnecting  circuit 
resistance of 4.7 ohms would reduce  the  indicated  values 
by about 1 percent.  Repeating amplifiers of the magnetic 
type may be used, but  they  are limited  to  direct wire 
circuits. To  facilitate telernetering of wind  speed  infor- 
mation a  variable  frequency type of wind speed measuring 
system has been developed. 

2. TRANSMITTER 

The wind speed  trarlsmitt8er is considered  primarily to 
comprise a cup-rotor  sensor,  and a shutter  and pllot'ocell 
assembly. The  cup-rotor sensor is iderlticd  to  that uscd 
with the d.c. magneto  generator  type  syst'cm. T h e  
cup-rotor is composed of t'hree  cups  4.45  inches  in diamcter 
supported  on arms wit'h the  cup  centers  lying in a  planc 
on 6.313-inch radii.  The  cups  are  approximately conical 
in form and  have a  rolled  or  beaded  edge. Tests per- 
formed at  various  t'imes at. the  National  Bureau of 
Standards wind tunnel  indicate  that t'he rtlt'io between 
the wind speed in  nautical miles per hour  and t'he  revo- 
lutions of the  cup  rotor per  second is a constant, t'he vdue 
of which is very  nearly 5.22. I t  is desirable that  there 
be an integral  relat'ionship  between the  gencrated pulses 
per second and  the wind speed  in knots. By generat'ing 

26 pulses  for  each  cup-rot,or  revolution and  then sending 
the pulses  t,hrough a divide-by-five  circuit, an  output 
value of 5.2 pulses  per  revolution of cup-rotor is obtained. 
For  correct  indication of wind  speed  a  cup-rotor rate of 
10 rcvolut'ions  per  second  should  give  an  indicated wind 
speed  value of 52.2 knot's.  Using a 26-slot shutter 
a  value of 52.0 knots is obtained, which is within 0.5 
percent of the  theoretical  value.  Hence,  by using the 
26-slot shutter  and a  divide-by-five circuit,  very  nearly 
a 1 t'o 1 correspondence is obtained between the generated 
pulses  per  second and  the  wind speed  in knots. 

The physical  achievement' of 26 pulses  per revo!ut,ion 
is  obtained  by  using a cylindrical shutter,  about 1 inch 
in diameter, which is attached  to  and  driven  by t'he c,up- 
rotor  shaft. The cylindrical shutter  has 26 vertical 
slotted openings  which permit  the passage of light to 

FI(:I~RE 1 .-Wind speed  transmitter,  disassembled,  with  extra 
shutter. 
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FIGURE 2.-Circuit of signal  amplifier, switching type. 

a phot'ocell (see fig. 1). -4 type 44 h m p ,  having  about 
5 volts,  d.c.,  applied to  it, is located  within  the  shutter 
and serves as a light  source  €or  the photocell. The 
lowered lamp  voltage  permits  a life expectancy of at  
least 1 year.  The photocell,  consisting of a 0.5 by 1 centi- 
meter silicon cell, is located  outside of and close to  t'he 
shutter.  Each  pulse of light, falling upon the photocell 
causes the  generation of a. pulse of current. The silicon 
type cell was selected  because it will operate  over  large 
ranges of ambient  t>emperature m d  it'  also has a relat'ively 
low int'ernal  impedance,  suitable  for  driving  tr:tnsistorized 
devices. 

3. AMPLIFIER 

The voltage output level from  the pllot,ocell is approxi- 
mately 0.1 rolt,, and of insufficient power to  serve ns 
R direct  signal  source. To  bring t h e  signul t'o a sufficient'ly 
high level, a two-shge transistor amplifier of the s~vitching 
type is used. The circuit'  for the amplifier is shown in 
figure 2. Under no-lottd condition,  the  output voltage 
level shifl exceeds 12 volts. A well filtered :rnd r e g h t c d  
power supply oi 20 volt's is required  for  this :unpiificr. 
Tests  indicate t,:l:Lt t h e  transistors used in  this  :~rnplificr 
are suited for operation  under  most  ambient  temper:~tur~cs 
likely to he encountered  in  normal field use. 

The  frequency rmgc for the output of t'hc transmitter 
is from 5 to 750 pulses per  second  corresponding to n speed 
range of from 1 to 150 knot's. By using i t  divide-hy-five 
circuit, at  the  transmitter  site, t'he frequency  range or the 
t,elernetered signal will be from I to 150 pulses pcr secol~d. 
The lower frequency  range may be more  suited for use 
where a narrow  band  audio  t'one  carrier is used. JVhcre 
direct  circuit  connection may be used,  the divide-by-five 
circuit may be  more  conveniently  placed at   the  indicator 
location. 

OPERATE J I  

FIGURE 3"Circui t  of power amplifier to  drive frequency converter. 

4. INDICATORS 

5. CONCLUSIONS 

Several :Ldvnnt':tges mtry be gained from using R variable 
frequency  wind speed Illemuring s p t e m ,  such RS described, 
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some of which come about  indirect'ly.  The  primary  ad- 
vantage, for which the  system was designed,  is ease of 
telemetering. Signal  transmission losses may be corn- 
pensated for by using  frequency  amplificrs  without loss of' 
information. The variable  frequency  signal is well suited 
for input to  automatic meteorological  observat'ion ~ p t ~ c m s ,  
particularly those  types  using  computer  components. The 
cup-rotor starting  speed  is  reduced from about' 4 knot's tJo 
less than 1 knot, by clinlination of brush  and  commut'ator 
friction, iron core losses, and nla.gnet'ic drag.  This,  of 
course, presupposcs that  the bearings of the  trtmsmittrr 
are  in good condition. By the elirllination of the  conmu- 

ta.tor  and  brushes used in  present  equipment,  a consider- 
able  gain in  the  stability  and  accuracy of the wind speed 
signal  can be attained  over long  periods of time. Thus, 
t.hc maintenance  requirements of the  transmitter  are re- 
duced,  with  the  elimination of calibration of the trans- 
mitter.  In  many inst'ances  annual servicing  should suffice. 
Also, due  to  the  smaller  and  lighter-weight components re- 
quired, t t  smaller  and  much  lighter-weight  transmitter 
case m a y  be employed. In  addition,  with this unit con- 
siderablc  additional clirnatological  information will be 
avtLi1:Lblc for low wind speeds. 


